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(57) Abstract: 

COPYRIGHT: (C)1998,JPO 

PROBLEM TO BE SOLVED: To quickly calculate a 
transcendental function by parallelly calculating the 
terms of a Taylor series and connecting them after 
parallel calculation. 

SOLUTION: A floating point processing unit 100 is 
provided with an input register 110 for receiving an 
input operand and a multiplication/addition unit 120 
provided with a first stage 121 and a second stage 122 
for parallelly executing multiplication / addition 
arithmetic operations. Further, it is provided with an 
output register 150, an adder unit 160 provided with the 
first stage 161, the second stage 162 and a third stage 
163 and a Newton element 170 for calculating a 
reciprocal. Then, the Taylor series for the 
transcendental function is decomposed into the two 
parallel series to be parallelly executed. A different 
Taylor series is used so as to more quickly perform 
convergence to a part of the range of the transcendental 
function. At the time, the transcendental function 
calculated by using the series provided with the plural 
pieces of the terms is computed with about 1/6 of a 
'normal' time amount per term, that is about one clock 
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m. 

WE> *E 'J A* £ buES— ^>X<D3S*K1* y JLofft 

tern— *>-^>xo^*S3h>-ri aa<D*-"<^> k*toib 
aw ■ *ur»*^A* u tto-cwEaw ■ in»X3b< 

■ JnWa«*v\* Ls ft^t|»E*» ■ UHtttf 

IN, COS, TAN, SINH, COSH, TAN 
H, EXPXIiARCTAN(Z^tl)i»^^LT^ 

»*«3] »3Mii icjsivc* mrieiHW ■ Staffs* 

«>iWB/<-f saw. **u*ft-?7y 
-niB*#LTfey % fiotfrE^s • nawaxoffTE'* 
-f?7^f>s<DS- a36<*-v u^^7^7^7 Fry— 

■H»**LTl*«z:fc*1#«±:*"*$/XxA. 

K*a#(tE.o«rEjR«pr«B«:^7> Ko>iaa*a^ 
utatae] is*3S5icfc^r, Mil • mnwm 

******** LTL\*Zt*1»«fr«i/X^A. 
mEiBjBB5aic»^«^^^>K**»-r^<EK**L 

WEit«»a)as*icK«L. aEa»aai=»-r««£ 
»e*sfc»ictta*a«-*-s¥«. zm-zztzn 

MaaaattBR] 

[0001] 



[0 0 0 2] 

x-f 5— »ai=*-3TBBB»*w-wr 

o<D£p*:/^B*[SJj&^5S£*<fc&) Si6Si:t«o 

<pya>**"eH*ina*w-»-r*^p-b-9-a>it*fztt. 
»o>«/h«fe^ K^y^/hSftaasw-BfcdfXwSao) 
as&at-r*. e 4 e K/ha**-r-6»ii/hajis«* 

£^*£^a-te-*|CifciNTte, a*a>x-f 5— «Bfl>* 

o-efey. *JtxtfJnJt3IJr36<*^»3ofl!>^p^^ft 
Bn*^*«*ici*. c*ti*£i6 o^D'^^W^c: 

fc«>ici*. «fc y **u ft-3T*y*< 

[0 0 0 3] 

[««**ftLJ:3i:t4M] **fflf** BLkOdlz 

Mgtttsit^iw^no *aati>*ijar** *s§ 

— «aa>a^afew»i=tfji:a?*iBLoat3Wtt»a>«i=is$ 
s*it* ra«j o>^ra<z>a<D«i6^<Di o)i»n 

[0 0 O 4] 

[»«*»jftr*fc«>a)*s] aaaasa 

tSWKlfcHTI*. ( 1 ) Wi% A L U 3&^a)»lC» Lt 1 

(2) *M»fcaw*tHnw»wu:»***to«a*x 
**:fu o) ttttaaic»-r*x^f^— «a*stw 
»i=*«**tft2oa>ik«i»ftaa^»*L. (4) # 
«-r*ii^ic % awxiweattttmaayi^uif-? 
-r* 0 ■«-e**»df=i*, attaaa>«B<D— »(::» 
L*y*<Jtt**#*fcwzMa>-T--f ^-«a*«ffl-r 
*o ttaaa>a***«a**ttfflLTtt* 

Lf:MH% (#Jxl*. SIN, COS, TAN, AR 
CTAN, EXPXULOG) I*. ^gtj r^Ol & 

^P7^ b*MjMp* ^p 4z-^(cfci\r as y ft 1 OCD 

[0 0 0 5] 
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<C*,0>T?fcy. «nitl:lBS LfeftlXf 7 f 

[0 0 0 6] »»/Jxftja«kS3.-^ h 

h^LTt>^o 5*»/h»jSfflai-^ hi 0 014. A 

^iti-^t^ K*a»*fcto<DA*uy^* i i o. mm 

-S1 2 2 £ £H«-rSftir • Ad®^l- ^ h. *mtt * 
8ttt5fc^ui?x*77^;n 30. tt*HHk«n- 

1 40. mauvx* 1 50. jg-ai e 1 

6 2 .t. » = «1 63fcM««lll»a=7 hi 6 

o. je»*tm:-r*fci6 («**»*sMT-r*fc*>) o> 

-i— h> (n e w t o n) SXl 7 O. fH»S« 1 8 

S I N x = x - ( 1 /3 ! ) 

ffliL& ^^l&^-r — (STANDARD M 
ATHMAT I CAL TABLES) . f?2 0j&. 4 
541 (CRC^UX. £«J — ^7>h\ t/W^1 9 

7 2) At*. 

[0 0 10] $KiHS&0J|::fc^TI4. A^L/vX^1 1 
0. UvX^77^;H 30. KMfifRl 40. tB^U 

vx^i so. *w«a»i-ia«"r**a>ift(D^^x$t 

14. «;Ui##a>fctf>lzi eyK ftftafcfeC: 

2t^ K 6 4t*7 h. X(480fcfy hl/vX^StL 

[001 1 ] SB/hftjSjBiS^L-^ h 1 O 0(4. ftmw 
ftl 8 0(DfrJ8PTT-HlttU **ll4»J»ffll#*«fflLT 
»»/h»jS«k31a-n^ hi 0 0 <D^mr^(D^-^(D^ 

[0012] i/i/7j77^;u 3 oi4if*ffla>*lHfil 
£ts§i-r& 0 4oi40y*.tf 1/3 u 1/5 

»*pti«Lfcttiza*#i=ioTM&^*tia)fca:*. 
#iBSJS«izfc^Ti4* «ms«i 4o(4'j-K^->u 
( tromj ) «*L-cj3ya.otnHBiK+rcfc 

[o o 1 3] ^ • hi 2 ofim-a^aic 



[0 0 0 7] 5*«|/J^»jSffiai— ^ h 1 O 014. ATDLx 
vX^1 1 Olzfcl\T*-'<7> K£Sl*y. «iU* = ft 
M (S I N, COS, TAN, SEC, CSC, CO 
T) . i£Hftg|& (ARCS I N, ARCCOS, AR 
CTAN, ARCSEC, ARCCSC, ARCCO 
T) . ftftHft (EXTXI4LN) . IftSH^ilS 

(S 1 NH, COSH, TANH, SECH, CSC 
H, COTH) . Xl*&M&m = ftMm (ARCS I N 
H, ARCCOSH, ARCTANH, ARCSEC 
H, ARCCSCH, ARCCOTH) 3?<D£ESII&£ 
tmu E.ott*fll*tt*U^X4r 1 SOlzflttS-*-*. 

[0008] #j§HSS0iJlcfci>TI4. #fi«B«l4ir.< 
7-M**fflLttt*4tiio x-f 7-«»l4fflS8l3 

14. S I NHJSJ4JSlT(DaftSffifflLTH-.K-r*Cfcj5< 

[0009] 

x3 + (1/5 !) x5 - (1/7 !) x7 

(201) 

ay*=*»fflui?x* 1 2 5Mitsy, R-omti 
lt^^o ft* ■ h 1 2 014. 

[o o 1 4] St® • an*n=.^ h 1 2 ocom— ©1 2 1 
&tflz^l 2 2 14. SlMcSUfcttlzHftU *-fSM 
2 1 COti3^3g(4m-mi 2 2©A*tt^Ltfeyfl 
0$1^1 2 2 0>aj*ia8l4ftS ■ tola~7 h 1 2 0<D 
ffl**k*««LTl**. /<-f ^9-r>«*©fcW=. ft 

* • tm^-v h 1 2 oi*2-o<D$in$:mtiftoizm'fTi- 

*C^3b«RTt6-Cfcy. ^CD5*>(D1 «1 2 1 IZ 

<fc-QT«iS**tE.OSiJ(7>*<7)[4m-®1 2 2fz<toT«i 

[001 5] /w^9-f >«*o>ia*tta«a«»»i= 
fciNr^-e&^c JEfc. »jo>silfi«rzj3L^Tr4. ft* 

• jn*i=.* hi 2 0*<. 20SjBjti»©^^7^ 

^t*RT«B"e*y 3e. 4« % 

5fflxi4-t*tisi±a)ji»a>/W^-f >«) . 

#aSJfc«l::fcl*TI** 2 1 &tf!g-J£i 2 2 

<i>o 

[0 0 16] HMIIIKS^tlt, S»-iD®3.-.y 

5. Stttttfi#BI=i3lvc4Msa>fcl<» ££tt8P#«£ 

M-* l jLoc4x&rosp^a^*n»-r ^> c t * a* lti* 



(4) 
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I*. (N) (M)-(N + M) /2^rVJ'fi!-^7? 
- (CSA) \Bi&t. *tllZffi<*c*iJ -f frvVT^V 

[0 0 1 7] ■ JOgar^ h 1 2 0li*-<7)2 0<7)$£ 

S* . h 1 2 OlZ^f-r^^P^li. C*t*<Z> 

[0 0 18] • ftj*a.=.^ hi 2 Oli. 
&R-ei*fti\, fix ■ AnHzL- * h 1 2 ofia,tf)fli3i£ 

*B§-r^0)T:. **ir*. fiP*»-«1 2 1 & 

2 2t*-*-*iza#r. *?-cfti*»*i=i* 

ft I*. 

[0019] &mmM%kzttw--i-z>tctb<Dmmt2'o<D 

-»#«Riz»r u -*s-®i 2 2 

-»»afti=»-r«a*tf»L. mom-si 2 1 i*m 

x 0 = 1 + (1 /4 ! ) x4 

(1/16!) x16 
x 1 =x + (1 /5 ! ) x5 

(1/17!) x 17 
x 2= (1 /2 ! ) x2 + ( 

(1/14!) x 14+ 
x3=(1/3!) x3 + ( 

(1/15!) x 15 + 

COSx=xO-x2 
S I N x = x 1 -x 3 
(COSxSlfS I NxG)*^lcl*. ftO)J«f*#ttLT 
fc£o SS5> % >— <T>Xx 0, xl, x2, x3 0§/7 

COS Hx=x0+x2 
SINHx=x1+x3 
EXTx = xO+xHx2 
T AN x = S I N x/COS 



[0020] »*3tKo^tta>*ft"Ctttt3 -sMnv 
21M*JU****y* BP*. tt#«<D**U-f -b-^*n®: 

«S»o*«vy -f ;u?*r^ Mn**»T-r Stable 1 
ot, *<D*6**Afc*fca&i::i o-efc-& 9 2h*9UK0> 
^0)^t^3oco^Q^>7-9-^^;uAN^^ 0 MIX 
JlfcfclWllfc**-flMMI ■ inWI^Stic 

sifT-rs<z>icmi3 2o<D^p^^^--f oMfi&mkzti 
y /h £ * K cd * u v 1 v- 4 <? j u & &m t -r « ■& i 3 m 
[0021] frflttillk«tMir«fea6a>«ft«2o0> 

»»«Wz5M!Sr-BCtfcJ:or. S«ft<D 1 0<@<£>J1 

Cliltfftl* (IP*. 5^CD31(7)«-^|C^L2 00^P^ 

*1M*;K M»-ln»**fl)»-Si:«t*iofl) 

tctbXlt1X\n&3--y h 1 6 0Sttfflt4fcttl:*»i 
oxtt 2 ooi+x h ^ ft* p * im * SU*<&££ ft 

«) - 

[0022] M-*«tt*tMIMMc«IUIHKfttHr-r 

[0023] xO, x1 f x2, x3^21 O, 21 
1, 212, 2 1 3I^^Lf=«fc5(^^m^tL^4,(D<t-r 

[0 0 2 4] 

+ (1/8!) x8 + (1/12!) x12 + 

(2 1 0) 

+ (1/9!) x9 + ( 1/13!) x13 + 

(211) 

1 /6 ! ) x6 + (1 /1 0 ! ) x10+ 

(1/18!) x 18 (2 12) 

1/7!) x ? + (1/11 ! ) x 1 1 + 

(1/19!) x 19 (2 13) 



[O 0 2 5] 



(2 2 0) 
(221) 



*lMS£***0>"Cf*ftlO 
[0 0 2 6] 



+ x 3 
x 



(2 2 2) 

(2 2 3) 

(2 2 4) 

(2 2 5) 
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TANHx=S I NHx/CO 

:x0, xl, x2, x 3lMriBft£*rr*l=»M?<i: 

or. 3MMfi»*P*i*L/S:«l::* 3*#l*. Hfe£i<B 
T? fe £ *<f£SE.O^|SC0^ $ * *TT 6 * C0-ftfe<7> P^O^H 

x 0= 1 -h (1 /4 ! + (1 /8 

y 

x1=1+ (1/5!+ (1/9 
y ) x 

x 2 = 1 /2 ! H- (1 /6 ! + ( 

y) y) y) x2 
x 3 = 1 /3 ! + (1 /7 ! + ( 
y) y) y) x3 
Z.0>£otj:n'&&it0)m^ &8(x O, xl, x2, x 

3 <D >a^*^ LTtuw-* C ti)< 

RTffi-Cfc*. H&s i n (x) 1**2-1 (Ztf 

f*. su/MkASKi ■ mw-^—v h i 2 oof- ai 2 

Tmu I 2 J iLT*Lfc*f*. JHM*ftAM»t ■ ID 
%=L—y hi 2 OOgSZLlfcl 2 2lC<fcoT|l*T£*L<S>;1t 

V-^<7)^^Wt^-^OX^ Tmu I 1 j £LTi*L 
fc«WIC«to*L*#;H»I*. ^(3. Tmu I 2j £ L 
L/c«Sfl<7>:&(7>^ P y ^ -tf-f ^7 MzntizBttoti*. 
[002 9] 3b*9nv9*M9JUtilx (A^7f-^<7> 
K) (7>g(7>ft^ ^IC, X 2, x 4 f x 3 ZmfrLTl* 

£0 -^bii^s:rcj:orft^$tt^o got, x2 \* 

xtx tomnt LTtt***U x4 Ii x 2 tx2 £<7) 
[00 3 0] *#E-&l*U*l^iL&*t«*TO*«feL 

-easy, ffl*is»M<Dfci&fcuvx$r ^ 7 -on 3 oiz 

otztbiZ. MJK • *P*i=.V hi 2O0ttJMkftftffiLs 
vX£ 1 2 3Xf£i 2 405^0)1 

raj % rb j % r c j . ra j . r e j % r f j . 
r g j . rhj. n J% r j j m<D%ffitz&*oxmt> 

23Xlii2403*»Oi o^itffiWIcSgS&^lf-r ^ c 
tit. r PJ r qJ (D«il:J:oTSt>**i, c*t 
6<0«»l*Jl<t**l=>f LT«a*fcj3t\r?IJK«fflS 
*i* C <t life < .aoft^ftdg* Lfc^-f 9-«*l=i3 



SH x (2 2 6) 

[0027] a»xO, xl, x2, x3fl)^liy = 

[0 0 2 8] 

! + (1/12! +y/l 6 ! ) y) y ) 

(2 3 O) 

I+(1/13! +y/1 7 ! ) y ) y ) 

(231) 

1/1014- (l/l4!+y/l8!) 

(2 3 2) 

1/11 ! + (1/15!+y/19!) 

(2 3 3) 

Txj lZ&~DXB.t>£tl&o 

[003 1 ] Tadd -} ^ tLXTjkLtzmit. 
~V h«1 6 0 0)$-S1 6 1 [Cj:oTlltT^*t^;1l^: 
Sat3LtMo felfillc. Tadd 2j<hLT^£;*X 
Tl^^l*. 10JHH-^H 6 0 0fZg1 62lZ<fc 

oT*ff**t*aiK*at>L:Ta3y. so r a dd 

3J t UT***L4«I*JtaJ|[*J-— h 1 6 0 0)SES 

1 6 3lz e fco■cllfT*tt^/1lg:*a^>url^^o fiag:s§ 

i-^hi eofcw-rsftjassiettaoo^p^^-y- 

'(<7)l>£>&Wt-?&OX^ Tadd 1 j <tLT*Lfc 
*rt(cate*i*#)HKI4«lc r a d d 2j £ LT^L 
fcmto<D&<D<7av<?V-J$)l'tolzmt>tl&'0 Tadd 
3J <t LX7*LtzfflftO*ftlzm<<7ny 5)1, 
IztS^X&frtl&o 

[0 0 3 2] r«flj i:LT*UfcittBl|i=vH 

8oic*or»***t*awt*afeLr^*. am r r 

e a d r o m J It. 'J — K3j">'J>^ U ( r R O 
Mj ) S*^*C£©W1I6&»*W*1 5 0*&ffit» 
©^Ct^llftLt^^o 1. 00>fit£ROM**&*»: 

[0033] g2-1 |C^Lfccfc5(C. 1 O^CD^ ^ 

— ««*fm*Sfctf>f=£ttT?&i 8fi<7>^a^/^-9--f 

<7)i>frfr&o zo>mmtx^\^m \ x i< P i/4<& 
«r=»Lr+»ft«aet?iBairr«. use ox (x) 1* 

a 2 - 2 (C^ Ltz «fc 5 lcP^(D«g^T*fh^-r « C <fc A<pT 
^■Cfc^o 20CDg|^S I N (x) RlfCOX (x) it 

S2-3ic^Lfc«fc5ic, n*a>n«i-e % «-a>9UK"e 

£6o IISfeTANxl4a£IS<DffS[$fiEffl-r«)o 
[0 0 3 4] r- jl— h>(newton)j<t LTtf 
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£<> laCOSHx, S I NHx, TANHxIt ^ 
^^222, 2 23, 2 2 6 fZjj* L/=<fc 3 (C. MW-T 

%>itt) y i3*3fe*ffl#asi»si]p*-r « <t a dentin 

T. COSx ( SINx, TAN x tK — a>ffl«-ettlt 
2*L*>o ISSfcEXTxf*. 3fc2 2 4(CfcUT^;**L&«fc 
aJ^»^^^ffi•r^<b:t^5^*^l^r. COSx 
XitS I N x tl^«<Dffl«-etf-g**L^ 0 &&*<Djfo<D 

[0035] n^2x -i it-mmz&m'tzmm'mm 

P = x I n (2) 

q= (x I n (2) ) 2 



fflaSiciR^-rsti^wa'Wftaftjzcfey. -t(DH»*« 

M£Ll^0)T*&&o Z<DH»I*. -1 £ + 1 ^PbIcD 

<D*(DAA5l#»xOttfc»LTKHaStt»-r-5fcto 
C<D®ffl^|cA^f=^lCx(7>JiS[$iig5^-g>ZtS. 

[0036] - i<x<i l:^lt2x -i *ff@:-r^ 

fcJbfC* p, q, r, sA^ S24 1, 2 4 2, 

2 43, 2 4 4|Zfc^T^Lf;:<fc?|:^g£;KTl^*, 

[0 0 3 7] 



r = (1/2!) q2+ (1/4 ! ) q4 + (1/6!) q6 

(1/8!) q8 + (l/IO!) q10+ (1/12!) 

(1/14!) q14+ (i / i 6 ! ) q16 + 

(1/18!) q18 
s=1+ (1/3!) q3 + (1/5!) q 5 + (1 / 7 ! ) 

(1/9!) q9 + (1/1 1 ! ) qH+ (1 / I 3 ! ) 

(1/15!) q15+ (1/17!) q17 + 

(1/19!) q19 



KSc(2x) -i i*j2iT0)Sn<c*L&a)»»aft*ffiffl 

(2x ) - 1 = r - s 
aiSxO, xl, x2, x3£H«|C % ®L&rRlSs\t 
*K(Dfi***-r4fciia#4:tv fir**: 61*. ^*t£ 

****>Bs*(DiB#i*j(::a3i*T* mmmmmztt-tzjE 



(241) 
(2 4 2) 
+ 

qt2 + 

(2 4 3) 
q7 + 
q13 + 

(2 4 4) 



[00 3 8] 



(245) 

[003 9] ftft r St/ s 0)«»* fi mTCDJn < fcS^st 
[0 0 4 0] 

r = (1/2! + (1/4! + (1/6! + (1/8! + (1/10! + 
(1/12! + (1/14! + (1/16 !+p/1 8!) p) p) 
p)p)p)p)p)p (2 51) 

s = (i+i/3! + (1/5! + (1/7 ! + (/9! + 

(1/11 !+(1/13!+(1/15!+(1/l7! + 
p/19!) p) p) p) p) p) p) p) p) q (252) 
HSJC (2X ) - 1 [t % tot, S2-5fZ^LfcJ:5lC ^7-«»>&<5t2 6 1 fZfcff&^ICTF^^o 

tttM" 3 - 1 35< RTffi-e [0042] 
[004 1] i»ARCTANx0i|^|^ ffl«<D-r 



ARCTANx = x- (1/3) X 3 + (1/5) x5 - 



(26 1) 



(1 /7) x7 + (1/9) X 9 . . 
y OMy 1 £**5*2 6 2&tf2 6 3 |C;f Lfccfc 5 IZ £81" <£> ^(DtlT &<> 

y 0 = 1 + (1/5+ (1/9+ (1/13 + (1/17 + (1/21 + 
(1/25+ (1/29+ (1/33 + (1/37 + (1/41 + 
(1/45+ (1/49+ (1/53 + (1/57 + (1/61 + 
(1 /6 5+ (1 /6 9+P/73) p) p) p) p) p) p) 
p) p) p) p) p) p) p) p) p) p) p (26 2) 

y1=1/3+ (1/7 + (1/1 1+ (1/1 5+ (1/19 + 

(1/23+ (1/27 + (1/31+ (1/35+ (1/39 + 
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(1/43+ (1/47+ (1/51+ (1/55 + (1/59 + 
(1/63+ (l/67 + p/71) p) p) p) p) p) p) 
p) p) p) p) p) p) p) p) p) p (2 6 3) 

»»©-r-f^--«*ttC*L&a>»»«a*«ffiLT«lT [0 0 4 3] 

<om < ictm-r * - 1 tf*imx+&z 0 

ARCTANx = (y0) (x)-(y 1 ) (x3 ) (2 6 4) 

[0 0 4 4] C<D«R|* % x<x<1/rt?fty.ilttr [0045] «L<P3ft<6. 1 / r < x < 1 T*fe^lf^fC 

= SQRT (3) , fiJ]^3CD^*ffiTfe^>ii^[C % ffla fi, ARCTANxJZ»-r4»JO)«»A<J:y5KiS3B:iS* 

RCTAN (x) li. 0<x<1/SQRT (3) 0© [0 0 4 6] 

ARCTANx=pi/6+r/2 (y/l-y2/2+y4/4- 
y5 /5 + y7 /7-y8 /8 + y10/i o — 
y 11/1 1 . . . ) (2 6 5) 

H» y=(r/2) (x- (1 /r) ) -efc^o 7 dw Lfc J: 5 f=S«**l^*0) * Q 

[0047] w1Mw2J, S266W26 [0048] 

w0=1+ (1/4+ (1/7 + (1/1 0+ (1/13 + (1/16 + 
(1/1 9+ (1/22+ (1/25+ (1/28+ (1/31 + 
(1/34+ (1 /3 7+ (1/40+ (l/43 + q/46) 
q) q) q) q) q) q) q) q) q) q) q) q) q) q 

(2 6 6) 

w1=l/2+ (1/5 + (1/8 + (1/1 1+ (1/14 + 

(1/1 3+ (1/20+ (1/23 + (1/26+ (1/29 + 
(1/32+ (1/35+ (1/38+ (1/41+ (1/44 + 
q/47) q) q) q) q) q) q) q) q) q) q) q) q) 
q) q (2 6 7) 

[0049] 5*2 6 5 0>«»te % &LT<DtU < \Z It C *L [005O] 

ARCTANx = pi/6+(w1) (y r/2) - 

(w 1 ) (y2 r /2) (2 6 8) 

* 2 6 8 \tm 2 - 7 lew Ltz& 5 Ictf-***!.*. «*MLtWt«u <h (D Wttftllfc^flttH 

[00 51 ] AW^7>Kx>1/SQRT (3) <D 3&T*fc£ 0 A*3I£!S (x) I* (b) (2Q ) <h LtS 

ttlc» LT\ A* > K x * fifi Lfio*«tt A R *>S*u *-a>ttfi»r=* ql48»-cftyioi 1/1 6 < 

CTAN1/x = 1/ (ARCTANx) SgffiLT, q<2 3/l 6T?fcy. S»qf*jE, ^XttfitftfiC 

a r c t a n (x) ttHtf* - 1 ^m^S>^>o MS £A«rF«&-C**. (p) K»r*C*l60>B 

AM^7>Kx<0(Dffi!:«Lt, ^«14arc »l***t&*^T<0ttHtB«-c&5fci6l=a*!**t 

TAN (-x) = - (ARCTANx) Sfiilt, A £ 0 
RCTAN (x) Ztm-tZZttf-SimT-toZ* [00 5 3] 

[0052] liftl g (x) % I|J*> 2 x CD *f 

- (1-SQRT (2) /2) <x<SQRT (2) —1 (269) 

[0054] «EoT\ I np = 2 (U + V) Tffcy. ft 
I g x = q+ I g p U&tfV[£3;*5£2 71^2 7 2 £ 5 |C L T 

= q + I np/l n2 

==q + 1. 442695 I np [005 5] 

I n (p) ttp(0e»»»rCfc4 o 

U=r + r5 /5+r9 / 9 + r 13/i 3 + r 17/1 7 + r21/2 1 + 
r25/- 2 5 

= (1+ (1/5+ (1/9 + (1/13 + (1/1 7+ (1/21 + 
t/25) t) t) t) t) t) r (27 1) 



(8) 
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ft. r =p-Vp + 1Mt = r4 -Cfc£ 0 [0056] 

V=r3 / 3 + r 7 /7+ r H/l 1 + r 15/i 5 + r 19/ i g + 
r 23/2 3 

= (1/3 + (1/7 + (1/1 1+ (1/154- (1/19 + 

t/23) t) t) t) t) r3 (2 7 2) 

ft. r Rltt I**fc2 7 1 fCfelt^cfcai^^m^+l^o <0<7>ffi|::#LTt*^£;KTl^ca\> 
[0057] Sot, A**^> Kx>0(7>ffilZ;ttL [00 5 8] M$L I n (x + 1) (D^lZit. m^CDir 

H» I g (x) £^2-8 IZTjkLtzJ:? \zttm.?Z> J ?-&&A<&2 B 1 \Z&^T7Fi2tlXl^ 0 

C^^Rl^-Cfc^o I g (x) i*X*}*^>Fx [00 5 9] 

I n (x + 1 ) =x-x2/2 + x3/3-xV4. . . (281) 

U=x + x3 / 3 + x 5 /5 + X 7 / 7+x 9 /g+xll/-) 1H _ 

x13/-| 3 + x15/t 5-hx17/1 7 + xlVl 9 4- x 21/ 2 1 + 
x23/ 2 3 + x25/ 2 5 + x27/ 2 7 + X 29/ 2 9 
= ( i + (1/3+ (1/54- (1/74- (1/94- (l/l 1 + 
(1/13 + (1/15+ (1/17 + (1/19+ (1/21 + 
(1/23+ (1/25 + (l/27 + p/29) p) p) p) p) 
p) p) p) p) p) p) p) p) p (2 8 2) 

ft. p = x2-efc£ 0 [0060] 

V = x2 /2 + x4 /4+x6 /6 + x8 /8 + x10/i o + 

x12/-j 2 + x14/t 4 + x 16/1 6 + X 18/l 8 + x20/2 0 + 
x 22/ 2 2 + x24/ 2 4 + x26/ 2 6 + X 28/ 2 8 + x 30/ 3 0 
= (1/2+ (1/4+ (1/6+ (1/8 + (1/1 0 + 

(1/1 2+ (1/1 4+ (1/1 6 + (1/1 8 + (1/20 + 
(1/22+ (1/24+ (l/26 + p/28 + p/30) p) 
p) p) p) p) p) p) p) p) p) p) p) p) p (2 8 3) 

ft. P = x2 -es,£ 0 qrt (2) ) -1 (DmmmzxZo ait^^c^T 

[006 1 ] ffiot, I n (x + 1) =U-V-C&& e x < 1 / 4 O^fC. mg.&9zt>*l&<DV x \Z 

C<75i»iaf*. A*3l#&x<1 /4<7>ffi(::ttLTJ|x^ ^LTfil^g:L^t^c:i:^M^LlV 

Lv JLO (x) \t (1/SQRT (2) ) -1<x (S [006 2] 

Ig (x + 1) =1 n (x + 1) / In (2) == 

1. 442695ln (x + 1) (284) 

ft^t, HIS I g (x + 1) I*. A*t^7>Kx>1 tfc& 0 W&fc*!*. ^S(Da^(*^^f?tC^#it^3l 

/4<DfillC^LTS2-1 OlZ7r.Ltz£olZim-tZ>ZL T'lttj:l\frt>T-&Z>o 

it^RFtl-Cfc^o [0064] U&l/V$^2 9 1 9 2 fZfclf£ «fc 

[0063] x>l/4-efe£ig£l::. $2-8S#i 5 fC^£*L£ (D £ "t £0 

LT|#E!E L7c I g (x + 1 ) S^-r^^,b^^y % [0 0 6 5] 

x > 1 /4-efc£i§£fc„ x^ffl^AaSc-r^z^^pi^ 

U=r+r5 / 5+r 9 /9+r13/l 3 + r 17/1 7 + r21/2 1 + 
r25/ 2 5 

= (1+ (1/5+ (1/9+ (1/1 3 + (1/1 7 + (1/21 + 
t/25) t) t) t) t) t) r (291) 
ffi. r=x/ (x+2) Wt = r4 tfft-5„ [OO66] 

V=r3 /3+ r 7 /7+ rVl 1 + r 15/1 5+ r 19/1 9 + 
r23/ 2 3 

= (1/3+ (1/7 + (1/1 1+ (1/1 5+ (1/19 + 

t/23) t) t) t) t) r3 (2 9 2) 

Si. rWt W2 9 1 lzt$l1rZ>&5lZ'£mi!tlZ)o SORT (2) -1 (Ommftlz A £ (x) (D 

[O067] (tot, I n (x + 1) =2 (U + V) t? {IKS LTiRSrr 

fc£> 0 C(D«»SSli. (1/SQRT (2)) -1<x< [0068](tot, 1» I g (x + 1) teA**'*^ 
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[0 0 7 0] r^^j t LTtf LTcOi^X h Lfclgr^ 
# * -f ^CD y a -fe -9- 1 z *f L £ □ y £ -9- -< * ; u I c fc I + -5 f# 

*>b#PiS£^lti>£o :*£;HTi^2 0(&3&^[;m^B# 

[OO 7 1 ] 

^3-1 













m 












(2x)-1 




5 4. . 


6 0 


5 4. . 


5 4 


o 


COS ( X ) 




5 9. . 


1 2 6 


3 4. . 


6 6 


2 5 


s i n ( x ) 




5 9. . 


1 2 6 


3 6. . 


6 6 


2 3 


s i n (x) 




8 3.. 


1 3 8 


5 4. . 


8 4 


2 9 


JSilfc os (x) 














arctan (x) 




9 8. . 


1 3 7 


9 6.. 


1 1 6 


2 


tan (x ) 


1 


1 5. . 


17 4 


6 O. . 


9 O 


5 5 


I s (x) 


1 


04. . 


1 1 4 


7 O. . 


7 0 


3 4 


I g (x + 1 ) 


1 


O 3. . 


10 6 


7 6.. 


7 8 


2 7 



[oo7 2] mnm&m tot**^ 

*Mtt»fcfcL^Tf*»aj61te««zoi\TBB*LfcA^ £ [00 7 3] 

< a>JEJB«#wfls-efc y . **ti**« wott*. ii& [§2-1] 



*2 


-1 1 


x | <p i /4IC#t4S i n 


(x) coll&tfj 








-oil 


ttu!2 n^rton addl 


*dd2 add3 


contxol 




1 


**x 












x**4 






cead soa 


for 1/1$ t-a 


3 






read roa 


foe 1/17 


4 


***3 


x**4«p 




road rem 


ffOC 1/15 1-KS 


5 


ap+c 






redd roa 


fox- 1/13 !-d 


6 


bp 


ap+c— r 




raad ran 


Jfo* 1/11 1-e 


"7 




fcjp * <Jr"3 




cob 


for 1/3 !-X 


a 




rjp+*-C 




read roa 


for 1/7! -9 


9 




Jpffi* 1 !! 




read roa 


Cor 1/5 !-b. 


10 








read ran 


for 1/3 t-i 


11 










12 


VP+1 


vp4-l««n 








13 












14 


oac 










13 




oat 








16 












17 












ia 






nac-mq 


-> output. 





> K x < 1 /4 0)fi||z^LT^2-9[Z^LtrJ:5(Cft 
Jf-r^-iA^RTffi-Cfcy, loA**^7>Kx>1/ 
4<7>ffilZ*iLTg2- 1 0 ICtf Ltrcfc 5 dttH-f* C £ 

[0 0 6 9] i/Sil/H >a>Atf»M 

13-1 \*m&M»ist&?*tz&<Di mammon* 

7^>^^77(D^>f^ii-7Ku^i/a>^bA^ 
pTifefr r/<>f7A (Pent i u m) J ^□•fe+^irJt 



[0 0 7 4] 



[S2-2] 
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&2-2 | x I < p i / 4 [cPtlrZ Cos ( x ) <r>%fcffl 



clock 


mill 


BSu42 QQWtDQ 


addl 


add2 


add3 


control 
■ ■■ ■ ■ i- 




1 


x*a 




— 




_„ 






2 




x**-<l 








read nn 


for 1/1 3] -a 


3 












read ram 


for 1/1S!-© 


4 












read rota 


for 1/14 t-c 


3 


ap+c 










road ioo 


fox 1/12 t-d 




bp+d 


aptc^r 








road roa 


for l/io 'me 


7 


rp+e 










read rtw 


tor 1/8 !-f 


8 


• apVC 


X^J ( e — t 








read roa 


for l/S'-g 


9 


tp>+3 










read zoa 


for 1/4 J -b 


10 


up+b 










read ;oa 


for 1/2 !-i 


11 


vp+i 


up-f-h—w 












12 


vp+1 


vp+i-« 












13 




irp+l»ni 












14 




aq 












13 
















16 








n-toq 








17 










a-mq 


•> output 





[O O 7 5] 



] 






C^2- 


-3] 








£2 


-3 | 


x | < p i / 4 SinCos ( x ) 










clocX 


mull 




newtoa addl add2 


add3 


control 






1 


x*x 














2 




X*X"-q 






t«ad roa 


for 


1/18 !-a 


3 


x»M 








read roa 


for 


1/16 !»b 




x»«3 


X**4=p 






read cos 


for 


1/14 :-c 


5 


ap+c 


x**3«x 






read roa 


foe 


l/X21-d 


6 


bp+d 


ap+e-r 






read roa 


for 


1/10 J -o 


7 


rp+o 


top+c^a 






read ram 


for 


l/8!-f 


a 


ap+f 


l.plO-L 






read roa 


for 


l/6!-g 


9 


tp+g 


Sp+f»u 






read roa 


for 


1/4 !-h 


10 


up+h 


tp+g-Tr 






road roa 


for 


1/2 !-i 


11 


vp+l 








road roa 


for 


1/19 !-a 


12 




▼p+i-ta 






road roa 


for 


1/17 l-b 


13 




wp+1— n. 






read roa 


for 


1/15 !-c 


14 


ap+c 








read roa 


for 


1/13 !*d 


IS 


bp+d 


ap+c^r 


a-ao; 




read roa 


for 


1/11 !-e 


16 


rp+e 


jbpid M fl 


n-wq 




cead roa 


for 


1/9 


17 


*p+£ 


rp+e*C 




n— ioq 


=»> output COS<X) 














read roa for 


1/7 t-C 


18 


tp+g 


ap+f*»u 






read roa 


for 1/5 !-b 


13 


up-l-h 


tpug-"* V 






road ran 


for 1/3 *»i 


20 


rp+i 


up+il^^w 












21 


vp+1 


vp+i-a 












22 


as 


wp+1— o 












23 
















24 




ox 












25 






ax-az 










26 
















27 








me— nu 


: -> output ain(3t) # 



change sign If needed 
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« 2 - 4 | x |<p i/4 «r.*H-* Tan ( x ) <0#J6« 



cloc> 


mill 


sul2 


s«wtoa addl aaa2 acoJ 








1 














2 




x*x= a q 




oread con 


roc 


1/18! -a 




x**4 






read ran 


foe 




4 








read ron 


for 


l/!4!*-c 


5 


*p+« 






xftad rem 


for 


l/12!-d 


$ 


bp+d 






rsad ram 


for 


1/10 t-e 


7 


rp+a 


bp+t^a 




read ron 


for 


1/8 !-C 


8 


ap+f 


ip»e> ■£ 




xeaa roa 


roc 


i/6!-g 


5 


rp+* 


3P * £"""VJ 




XC*d X*Qn 


for 


l/4»-o 


10 


up+-h 


tp V 




road roo 


for 


1/21-1 


11 








raad ron 


foe 


1/19 !«% 


12 


wp+1 


vp+i-m 




read ron 


for 


l/17!-t> 


13 




wp+X—n 




r?»a xoa 


Cor 


1/15J-C 


14 




mq 




»*d ron 


for 


1/13 l^X 


IS 




aj> 1 <■»'" c 




road jco»» 


COP 


l/ll ! "6 


16 


rp+* 


bp*d~3 




raid roa 


for 


l/9!-f 


17 


sp+fi 


cp+e - 1 




i Represent 
read ron 


l/a 
roc 


a_3 b 
1/7 !~g- 


18 


tp+g 


Op*-£""u 




read con 


for 


i/5i-a 


19 


up+b 


tpKr-v 


b<18> 


read, roa 


for 


1/31-i 


20 




Op+t> "W 


b(3S> 








21 


wp*-l 


vp+i-» 


b<3€> 








22 




wp+l-n 


b<«€) 








23 


DJC 




b{65) 








24 




ox 


b(«6) 








25 














2€ 














Zl 














28 


c*b<66> 












29 




c"t><66) 










30 






c*bt«) la «u!3 -> output 
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m 2 - 5 I x I < 1 . o tC*t-f 3 ( 2 ") - ! «>3|ltfl 

•y Mw*3l»Tx * xjpHTTSix*. J4. ROMK7 d u t ? d 1 n^SCK^T 
8E*fcc>r... *HP>4rffiffl-*-5- tjjs»r«6-c«>5»-g-|ctt, I n (2) **2&CKl n (2) 



sloe* 


mil 


ml2 oevton 


addl 
— — — — 


add2 


«dcL3 control 






0 


— ,j - 








— — — m 

rtad roa 


for 


ln(3> 


X 










raad roa 


tor 


lnl2)*«2=y 




x w ua j z j 










for 


1/13 !-a 


3 


x**2*y 








read ran 


for 


l/iai-b 












read soa 


for 


1/17 !-<i 


5 


ap+c 








ro*d com 


for 


l/lSI~d 


€ 


bp+d 








raad ron 


for 


1/15 !-a 


7 


rp+« 








read ron 


for 


1/14 :-r 


8 










read coa 


for 


1/13 !-g 


9 




ap+£-%l 






z«ad rpm 


for 


1/12 !-h 


10 










xead roa 


fox: 


1/11 !-i 


11 


. -»p+i 


ap+li«w 






read ron 


for 


1/10 !-a 


12 


vp+a 


vp+i=*x 






road roa 


for 


1/9 !-b 


13 


rp"tb 


wp+a-r 






read ron 


for 


1/8J-C 


14 


rp+c 


rp-4>-o 






XUd JTQSX 


for 


1/7 »-d 


15 


ap-fd 








x«td ron 


for 


1/6!-* 


16 




apld^u ■ 






read ron 


for 


l/5!-g 


17 


up+f 


Cp • Ci™ v 






r«ad ron 


for 


1/4 !-g 


ia 




trp+f-w 






read ron 


for 


l/3!-ii 


19 


vp+a 








raad roa 


for 


1/2 t-i 


20 


xp+1 


wp+Ji-r 












21 


xp-M 














22 




rp+I-n 












23 




wp 












24 




a* 












25 
















2€ 








y t < It ^ 








27 










Bp * JlSC •> oartp"at 







[O 0 7 8] 
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m2 -6 I x |<1/SQRT (3) i:»t5Ar cTa n (x) <D3afi'« 



clock 


mull 
— — 


mul2 neirtoa ac3dl 


ackj2 



add3 control 






1 


x*« 


~ — • 











2 




x*x 




rsad rcn 


Cor 


1/73-a 


3 


x*M 






read rota 


Cor 


1/71-b 


4 


|x**3f 


x**4-p 




read rom 


Cor 


1/6S-C 


5 


ap+e 


fx*«3l-q 




t«ad roa 


Cor 


1/67-d 


6 


bp+d 


ap+c-r 




read ron 


Cor 


1/65-e 


7 




bp+d-a 




rea-d rem 


for 


i/63-r 


3 


ap+c 


x'p fe^t 




road roa 


Cox 


l/Sl-g 


9 




Ap+f— U 




read rom 


Cor 


l/59«h 


10 


up+h 






read roa 


Cor 


1/57-i 


11 


vp+i 


up+h-w 




road rom 


Cor 


1/55-j 


12 


*P+3 


•vp+l-m 




read ron 


Cor 


1/53-a 


13 




wp+j-n. 




road roa 


Cor 


1/31-b 


14 








read xom 


Cor 


l/49«c 


15 


cp+c 


np4fc-» 




road zoa 


Cox 


l/47«d 


16 


4p*d 






read roa. 


Cor 


1/45-e 


17 


tp+« 


<5p+d«u 




read xom 


Cor 


1/43=C 


18 


up4-£ 


tpio*u 




read rom 


Cor 


1/41-g 


19 


*P*S 


up+£-*» 




read zoa 


Cor 


1/39-b 


20 




vp+o^'^m 




read roa 


Cor 


1/37-i 


21 


mp+i 


wptfc-» 




read xom 


Cor 


1/35-J 


22 




mp+i»-r 




read rom 


Cor 


1/33-a 


23 


rpfa 


np+j-a 




read rom 


Co* 


1/31-b 


24 


»p+b 


rp+a~r 




read rom 


Cox 


1/29-*: 


25 


tp+Q 


ap+b— u 




read rom 


Cor 


1/27-d 


26 


up4d 


fcp+C™TT 




read rom. Cor 


i/25-e 


27 




up+d^w 




read rom 


Cor 


1/23=* 


28 


wp+C 


lp I Q" ill 




read pom 


Cor 


1/21-g 


29 . 


8X3-^ 


■P+C 




read rom 


Cor 


1/15-Q 


30 




Bp 1 g,"X 




read rom for; 


1/17-i 


31 


rp+i 


np+h-a 




read root 


Cor 


1/15-j 


32 




rp-fi-t 




read ran 


Cor 


1/13-a 


33 


tp+a 


*P+j-Ti 




read ram 


Cor 


1/11-b 


34 


up+b 


tp+*— w 




read rom 


Cor 


1/9~C 


35 




up+b-* 




read rom 


Cor 


1/7-d 


36 


wp+d 


vp+o-m 




read rom 


Cor 


l/5-e 


37 








read rom 


Cor 


1/3-C 


38 


op+c 


mp-fre^r 










39 


ap+l 












40 




Bp+l~t 










41 


ltx| 












42 




Itxl-b 










43 




b-a 










44 






b-a 








45 








Jo— a -> output 







cliaoige sign ir z < 0 



[007 9] [12-7] 



(14) f#U§¥l 0-2 1 4 1 7 6 



:2-7 1/SQRT (3)<|x|<l icSffSA r cTa n (x) (OgHffiffl 



clock 


mull 
— — — •— 


mu!2 tttvtoa addl 


add2 


add3 


control 






1 








(1/2) 


as )c and 


read ram 


for 


I/fc 


2 






|X|-1/X. 






read rot* 


for 


k/2 


3 














4 










|x|-lA-v 






5 


r*y 
















6 


Y*x/2 










read ron 


for 


1/47-* 


7 


y**3 


y*k/2-li 








read rom 


for 




8 




jr**3-p 








793-d com 


for 


1/44-c 


9 


np-t-c 


y*y^3c/2^ I 








read ioa 


for 


1/43-d 


10 




ap+c*x 








raad ron 


for 


1/41-^ 


11 


xp+e 










iv«a ron 


for 


1/4 0-f 


12 


*P+f 










read ron 


for 


1/38-9 


13 












read ron 


fox 


1/37-b 


14 


up+b 










tB4U avih 


fox 


1/35-i 


15 


vp+i 


op | 










for 


1/34-j 


16 


vp*j 


Ull i. 
Vp+l-n 








yg»3/4 SAM. 


for 


1/32-a 


17 


aap+a 










read xon 


fox 


1/31-b 


18 


Qp+b 


Up 








read ron 


for 


1/2 9-c 


19 


tp+c 


Hp * b^a 








ret ad xon 


fox 


1/28-d 


20 


ap+d 


m 1 j — t~ 








read ron 


for 


1/26-e 


21 


tp+Q 


op I d™ vi 








read xon 


fox 


1/25-f 


22 


up+£ 


i ■ ■ t mi in 








read con 


for 




23 


vp+g 










read sen. 


for 


1/22-* 


24 


wp+n- 


vp 1 g-a 








read ron 


for 


1/20-i 


25 












read ron 


for 


l/i*-j 


26 


np+j 


Krp+i.*' 3f 








read ron 


for 


l/17^a 


27 


rp+a 










read rom 


for 


1/16-b 


28 


5p+ib 


rp"f-a™r 








read ron 


for 


1/14-c 


29 


tp+C 


ap+fe-u 








read ron 


for 


1/13-d 


30 


urrNi 


tp+Cp-V 








read ron 


for 


1/11-e 




vp »e 


up+d— w 








xead coa 


for 


1/tO-f 


32 


*P+r 


vp 1 e^iu 








read ron 


for 


1/3-g 


33 




wp+£«n 








read ron 


for 


1/7-h 


34 




Bp+g^r 








read roa 


for 


1/5-i 


35 


rp+i 










read ron 


for 


1/4-j 


36 


epi*j 


cpi-l-t 








read ron 


fox 


X/2-a 


37 


tp+a 


ap+j-u 














3fl 


uptl 


tp+a^v 














39 


irq 


up+1 














40 


tL 


vq-a 








read ron 


fox px/6 


41 




tL-b 


pi/«-a 












42 








pi/6-a 










43 










pi/6-a 








44 






tHpi/6-a 










45 








b+pi/6-a 








46 












> -> O&tpUt/ 





change aign if x < 0 



[O O 8 O] 



[312-8] 



4$BS¥ lO — 214176 



o<xi:»t6i « (x) <omt&m 



ELxpresa s« x« (2**q) * p whore 11/16 < p < 23/15 

clock mull mil 2 aewfcon addl «id2 add3 control 



1 detecai»« p+1 and q from x and represent l/rpf-l) A j * 

2 read rom foe 2 

3 z(iai <p+D-2 

4 8(3$) (p-HJ-2 reaa eon for l/lsW2)-t 

5 ai<3*) float q <p-Kl) -2-r 
* z{6S) float q 

7 2t x (€6) flo*t q-a 

8 2t *{$6) 
» at x(66) 

10 re st«w 

1L xz-H 

12 a**2 

13 2xH h**2 read rom for 1/23-a 

14 h*M 2Ui«o read son fox 1/23-b 

15 fc**3 fa**4-r re»d ram fox l/21~c 
1€ ax+o u**3-g read rom fox' 1/19-d 

17 ox+d ar^c-i reaa rota for 1/17-e 

18 ir+e brW-j read roa for 1/15-f 
1» jr+f ir+e-k read rom for 1/13=** 

20 kr+a jx+f-l read roa for 1/11-b 

21 lr+b kr+e-m read rom for 1/9-c 

22 nr+c lr^>«n read rom for 1/7-d 

23 orM ar+o-i read roa for 1/5-e 
2 4 ix+e ax*<*-j read eaa for l/3*r£ 

25 jx+f ir+e-k 

26 kx+1 jr+f-1 

27 lq kr+l«m 

28 no lq 
2* 2tlq mO*e 

30 2tlg-t> a-hv 

31 a+v 

32 a+v 

33 tH-a+r 

34 o+a+v 

35 b+a+v -> output 



[008 1] 



[S2-9] 



ftfflW- 1 O - 2 1 4 1 7 6 



£2-9 | x | < \/4\zMi-i 1 g (x+l) tf>3!ie#l 



clock 


SRUl 1 


cbul12 


UVWbUU BWW Mm 


d<kL2 


WW 


control 






X 


x*x 










read ron 


for 


1/30-a 


2 












x^ad roat 


for 


l/2»»b 


3 












xviad bob 


for 


1/28-c 


4 


ap+c 










scad rom 


for 


X/27-d 


5 


fcp+d 


ap+c**! 


- 






read rook 


for 


1/26-e 


6 


ip+e 










read roffi 


for 


1/25-f 


7 


jp+£ 


ip+e— k 








road rca 


for 


1/2 <-a 


a 


Jrp+a 


jp+fi-1 








read rom 


for 


1/23-b 


a 












md rom 


for 


l/22«e 


10 


■Hi* 


lp i b™n 








read roa 


for 


l/2X"d 


11 












read roa 


for 


l/2u-<e 


12 


ip-fe 










read roa 


for 




13 




lp > Q')l 








read rom for 




14 




3P^* * 








read rom 


for 


l/17«*b 


1 s 


ipTO 


JtpT*™S«, 








read rom 


for 


1/16— c 






lp * j>"0 








read rem 


for 




n 


np+d 








• 


read ram 


for 


l/14-e 


IB 




apt CP" j 








read ron 


for 


1/13»£ 


19 

♦ 7 












read rom 


for 


l/12=*a 


^ V 




Jp+* 1 


* 






read rom 


for 


1/11-b 


21 




kp+a*^a 








read rom 


for 


l/10*c 


22 


Tin , 1 i i 










read ran 


for 




23 




up 1 c m JL 








read rom 


for 


1 / a 

x/b™e 


24 












read rem 


for 


l/7*"£ 


25 


jp+f 


lp 1 e-k 








read rem 


for 




26 


kp+e 


jp+f-1 








read rom 


for 


1/5*© 


27 


lp+to 


kp+a^m 








read rom 


for 


X/4-c 


28 


tnp+c 


lp+b=u 








read m 


for 


1/3-d 


2^ 


np+d 










read rem 


for 


1/2-e 


30 


Ip+e 
















31 


JCH-I 


ip+e-k 














32 


kp 


jp+l-i 














33 


Iz 


jp-m 








read roa. 


for 


l/lm<2) 


34 


















35 


az 
















3* 


















37 


















38 


















33 










t>-a - 


■> outptic 







[O O 8 2] 



[t2-1 O] 



nmw-i 0-2 1 41 7 6 



«2-10 I / 4 < | x | ic^-t-S 1 g ( x + l ) o^lfefini 



Sspreae ac-t-l as 




clock 


'will 


Bttl2 








■™ 1 — 




** 








3 








4 








J 






x (9} 


0 






x (17) 


T 






* <33> 


3 






z (33) 


9 






z < fcb) 


10 






z < S6) 


11 






Z (BO) 


12 


a"fc 




z < 66) 


13 








14 








15 


li**2 






16 


2tA 


li**2 




17 


tx** 4 


2tb — o 




IS 








19 








20 


>-|-l— 






21 




bJt-Kl-j 




22 








23 


Xxr+a 


jxr+r-1 




24 


l=+b 


liuc+A-m 




25 


xr+c 


lr+b^n 




26 


nr+d 


mrto-i 




27 




txr+d-j 




28 


j*+f 






29 


Xx+l 






30 


ig 


fcr+l-m 




31 








32 


21g 


m0«"& 




33 




2l5-b 




34 








3S 








36 








37 








30 









^+1 



old at plu-s one] 



read 



float q 



read ran foe l/ln<2)~t 



float q 



float; q-b 



read 
read 
read 
read r< 
read 
read 
read 
read 
read 
read 
read x\ 
read 



for l/2S-a 
£oc 1/23-to 
for l/2l«-c 
for l/19»d 
for 1/17«* 
for 1/15-f 
for 1/13-vt 
for l/U-*> 
for l/*-o 
for 1/7-d 
for l/5~« 
for 1/3-f 



b+ai-r 



a+v 



b+a-Hi- -> output 



[0 O 8 3] &-t. *«M0)*(*W*ll6(D»»fZOl\r 1 2 1 

**t«'<#ta)T?tt<i:<. *«nos«nei«fiKt i 3 o 

15 0 

immommumwi 1 6 o 

cm 1 ] **wi=»-5i^THttHR*it*-r*fctoa> 1 e 1 

»«fiH3.-^ h**Lfcttl»7P^^H. 1 6 2 

[»#0>ttW] 1 6 3 

1 0 o #«/J*»jS«!JI;L=-j/ h 1 7 O 

1 1 0 A*lUvX$ 1 8 0 

1 2 o arc • jjnu^-—v h 



(18) 



t#§fW 10-214176 




